Quantitative spot analyses were acquired with the JEOL JXA-8500F field-emission gun electron probe micro-analyzer of the University of Hawaii -Manoa over two sessions. Olivine was analyzed during the first session with an electron beam tuned at 20 keV, 50 nA and 10 µm probe diameter. The elements were acquired using five analyzing crystals as followed: one LiFH for Cr and Ni, one LiF for Fe and Mn, one PETJ for Ca and Ti, one PETH for P, and two TAPJ crystals for Al, Si and Mg. The standards used were Verma garnet for Mn, San Carlos olivine USNM 111312/444 for Fe, Si, Mg and Ni, sphene glass for Ti, chromite USNM 117075 for Al and Cr, and fluor-apatite USNM 104021 for Ca and P. The on-peak and off-peak counting times were each 20 s for Si, Al and Mg, 30 s for Mn, Ti and Ni, 35 s for Fe, Ca and Cr, and 70 s for P. The off-peak correction method was linear for major elements and exponential for trace elements Ti, Al, Cr and P, using Probe for EPMA software. Detection limits are in the range 0.005 -0.01 wt%. Precision and accuracy (1) are 0.4 -2 % for major elements (reported in weight percent oxide), 3 -5 % for minor elements (Ca, Mn and Ni -reported in µg/g) and 20 -70 % for trace elements (Al, P, Ti, and Crreported in µg/g in Table DR1 ), based on repeated analyses of San Carlos olivine standard (USNM 111312/444).
PETH crystals collected P k X-rays, one LIF crystal was used for Cr k, one TAP crystal for Al k and one PETJ for Ca k. Individual maps of 500 -1024 pixels in X by 450 -1024 pixels in Y, with a step size of 1 -4 µm, were collected over 7 -32 h acquisition time.
Crystal Modeling
The crystal model shown in Figure 1 is drawn using the software SHAPE 7.2 (Dowty, 1980) for pure forsterite in the 2/m 2/m 2/m point group space using unit-cell parameters a = 4. 756, b = 10.195, c = 5.981 . Shape ratio was modelled from natural crystals (Welsch et al., 2013) at a:b:c = 1:1.2:2.2 using central distances at {010} 0.61, {110} 0.43, {021} 0.71, {101} 0.92 and {001} 1.00. The growth faces of olivine were indexed in the figures by using the law of constant angles and measuring the interfacial angles (Welsch et al., 2013) .
Experimental Methods
The starting sample shown in Figure 2 was a glass powder (diameter Ø ~100 µm) obtained by the mixing and fusion of reagents (chemical composition of 19 wt% CaO, 19 wt% MgO, 12 wt% Al 2 O 3 , 48 wt% SiO 2 and 2 wt% P 2 O 5 ) at 1500°C in a muffle furnace. The run consisted of 3 g of starting material contained by a 10 cm-long graphite crucible held in the hot spot of the gas-mixing furnace (1 atm, Ar flow) at the University of Hawaii -Manoa. The sample was maintained at 1411 °C for 3h (olivine liquidus determined previously at 1392 °C from isothermal experiments), then cooled down to 1311 °C (along a ramp of 2 °C/h within a thermal gradient of 0 to 9 °C/cm) before a final dwell of 24h and quench in the air. The quench interrupted the textural maturation of dendrites into euhedral crystals. The absence of phosphorus zoning in olivine and the low P 2 O 5 contents of the residual liquid (< 0.1 wt%) indicate that the starting material degassed its phosphorus at high temperature, prior to cooling and crystallization. Note that the melt inclusions and the crystal embayments do not truncate P-rich lineations. We infer that inclusions are located in between struts of the P-rich dendrite architecture. Figure DR2: Systematic occurrence of P zoning in deformed (top and middle) and elongated (bottom) olivine crystals from oceanite sample S690B (Hualalai, Hawaii). The presence of weak P enrichment in the bud and near-total absence of P enrichment in the "parent" crystal (second row) may result from cut effects; any section passing close to the crystal edge can miss the P-enriched architecture. Chemical composition of olivine and associated phases in the pillow oceanite S690B of Hualalai volcano, Hawaii. The compositions of olivine outer rims were obtained from spots at <10 µm from the border of crystals. These outer rims (<10 µm thick; Fo Jarosewich et al. (1980) . Chemical composition of glass in the chilled margins of the pillow oceanite S690A of Hualalai volcano, Hawaii. a Recommended major element abundances of glass standard A99 taken from Jarosewich et al. (1980) .
